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Involvement of the gasotransmitter hydrogen sulfide in neurogenic
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TR OBEEE (330) : We first demonstrated the involvement of Cav3.2 T-type calcium
channels in hydrogen sulfide-induced facilitation of nociception. We then found that, in rats
with L5 spinal nerve injury, the activation of Cav3.2 by endogenous hydrogen sulfide was
involved in the maintenance of hyperalgesia/allodynia, and Cav3.2 was upregulated,
suggesting that the hydrogen sulfide/Cav3.2 pathway should be a therapeutic target for
treatment of neurogenic pain.

AT R AERH
(EHHAL : 1)
[ERESES IEEEN & gt

2008 4 1,500,000 450,000 1,950,000
2009 £FJE 1,000,000 300,000 1,300,000
2010 £EJE 1,000,000 300,000 1,300,000

G

T
i 3,600,000 1,050,000 4,550,000

BRI : WER

B 53R - M JER 2

U= [ = a— ST SRR, RN A, BULARE, T RS ATy
Fob, S, AERMEIERE, SIRNA

1. WFZEBRAEYS WO 5 — 7 DIFN R DIERISEYE L L TOHS

B30 B H,S OBENZBET 5 HF5EIE Lk
RS HBITOATEY, LS RFP—TH 2D
NaHS 23 Kypp F ¢ RV ZIEMEAL T2 2 & Tk
AR OBy R A FHEL 5 2 & <0, NMDA 2 &K
DEZMHZ K ESED 2 L TS WA
(LTP) ZRHET D Z L2l mbn TN D,
Fxix, BB WS OEEKNICKIT HEE
RS D7D OMFZEIZEF L, H,S Ol
TER . EREELREIEM . NORE D7 1 X K

DFT T 72872 E ARV THE LTz,
H,S 23 TH Ca** F ¥ XNV DIEZ KI5
ZliE A=A TF I T UTFIEICLD
NG108-15 HifECH REZARAPFRET (DRG) A
EHWTEEH LT3, E£72 NallS ©F v k
RN L2 LD TR Ca¥ F ¥ 1V DiEMEAL
AL TRRERBNAE S22 60, = F b
FUUDORIENFRGICL > THESNDW
AR H,S ARkEER D 1 > TH D CSE DO



==

= ¥  DL-propargylglycine (PPG) X 8
—cyanoalanine (BCA)IZX VIS b Z &
LGN L, EHIT. HS 13 EMR O &
7o BT IEE ORBUZ DS EE L TR,
KGR B X OWElIRE ~ H,S DOPRIEIZ>\T
HLEL TV, ZOX DI HS 28 T A Ca**
F v X NEN L TRAOFERIZEICE ST
LEERAERNDFTHLZ L 2HAITT
TIZH BT LT,

2. HEOE®

ko X oz, FexixEBRERPOTEY
FVT NS 23 T Ca® T v RV DA M % 1
REEDLZEERH L, 612, RKgMRRIZ
BT H,S DNHEARE BICAFET S T/ Ca™
Fr XNV ENLTRRERBEZFLEST L &
ZREICEER L CWe, —F, T A Ca”F v ¢
T, MR SR OFRRE & HIEL B - T
WA Z ENIEFER SR oo, F
T, ARAFFETIE, TR Ca¥F v LD 3O
DY THEATDI G, b ORBERNP RS K
TNEENTVWD Cal. 2 W HS I X DIRE
WU G T 50 ENETH~, S 5I2Ca3.2T
A Ca® F ¢ L & AR TR & O B4R & i
LMW TAHIEEEHRNE L TAMEZ R
L7,

3. WOk

(1) WHADRE : 7 v b OEBIRESHHE
BEZ o2ty NECEY, £T7a7
4 =7 % von Frey {EIZ X V7ML 7=,

(2) CaB3.2 ) v Xy ToFwRIE
F 721 RNA THREIC X0 — RN ARRRIZ 36 B
T5Ca32% /) v XU LT,

(3) DRG IZ351F % Ca,3. 2 FEHAA « s letn
BT X DR,

(4) Ca,3.2, CSE 72 £ DE H &I Western blot
EIZL Y E LT,

4. WFFERR R

(1) KIEMEMES L OFREN H,S 12 X D
#~o Ca3.2 DEIHIZOWT

H,S R+ —"T& % NallS DR ENH 5V IEH
BEN #5012 X 0 B AR TR S 7 S
. ZAUXTHRID LY 7 AF % RV
THHINRT T VNI > CHIEEn (K
1), Flo—WHREMED Ca3.2 D v I F
7 AZ X o TH NallS FEESE R I EUIFRLIE X
ni- (K2), chbnZ ko, Kk
OFBICB W THS (30a,3.2 20 L TR IE
MEBLT D ENHLNE ST,

(2) L5 JEARREIENIC X 0 FHikE S 2 miiki s
PESER ~0 CSE H12K H,S DB 22T

O Saline # NaHS
A Mibefradil B Mibefradil + NaHS

Intrathecal administration 140 Intraplantar administration

120

2
=3

@
=]

Threshold (% Baseline)
Threshold (% Baseline)
@

&

40+ T T T T T 1
0 10 20 30 40 50 60
Time (min) after NaHS injection

9 10 20 3 40 50 60

Time (min) after NaHS injection
B 1 EHEIRERNRSICES NaHS FiBEE BB
I HIRTSUIIDBEEER

O Saline after MM

& NaHS after MM
A Saline after AS

W NaHS after AS

a 1404 Intrathecal administration b 140 - Intraplantar administration
© 120 5 120 -
£ £

3 ¢

8 100 & 100
£ £

o 804 o 804
[=] o

= =

3 * a

£ B0 * £ 604
= =

40 40

— T T T 1
0 10 20 30 40 50 60
Time (min) after NaHS injection

0 10 20 W 40 5 6
Time (min) after NaHS injection
H27 oF2UREICEKD Ca3.2 /v FIUITES
T NaHS SFE2FmEBEFIH S h D

A o Salne (Sham) B
IR
markg L5SSNC

=120 APPG 11 Zgérng.’ng P<0.01 P<0.01

2 3007

< = P<0.01

2100 < 250 —

o T

£ 80 3200

2 3]

o S 150

ﬁ 60 <

E 100

= w0 pr————————————t—r g g anxs
Before 0 05 1 15 2 25 3 24 8 § PPG(mgh
ope Time (h) after i.p. injection of PPG or saline Sham L5SNC

C Ipsilateral paw A Saline + Saline D

Ipsilateral paw

P<0.01P<0.05
—

O Saline + NaHS
i.pl. Injection of A PPG + Saline ]LSSNC
NaH$ or saline B PPG + NaHS 4500
+
* " e

—

120 T £ 4000
T » . 3500
100 o B3
@ = 3000
2 22500
= 80
z S 2000
s 1500
g o c g :g
£l i ' ERE

B e L B S B S S S S s s —_—

0 30 40 S50 60 70 80 90 M
Time (min) after i.p. injection of PPG or saline L5SNC
E Ipsilateral paw | Contralateral paw

1504 P<0.01P<0.01

E3 L5 B OISR m @RS amIcHT 5 CSE 1|
ERONE

L5 MEMR W LV 14 BIZICi%, PRk
R EZRBEECIK T, T 7bbi il
BORNFHRL S 7=28, = OFE@EIL CSE PR
HTd 5D DL-propargylglycine (PPG) D5
W2k, Emeicmlainz (|34 B), =



@ PPG D HUIR T IMAINFIE, NaHS 12 L 0 1k
L7z (3¢, D), £/, FEEOHUIRHRIEE
MEITE LD CSE HEHKTH 5 B
—cyanoalanine O EIZL > THABR O LI
(K3E), hbnZ bk, KETNLDOR
TR CSE HRINIRIME HS 2532 2 &
AHEBA L 7=,

(3) L5 EARRRUIMIC & 0 35l S 2 phifs s
MEIF~D T Ca®'F ¥ RV DB G225\ T
L5 BEMEREINTZ v P TR LN =2—
o RXF—F v M LT TR Ca¥F v R LH
ERTCHHINTITIONEHRELEED A,
JRTAREUIE S Tl Sz, 2oz
OARET MBI DI RIBEIC TR Ca¥ F v
IV OERETLHE DN B 59 2 AT REME SR X
niz,

(4) L5 AR GIWTah e iR b R 7 >~ b
WZBITD Cald. 2 TH Ca¥ F v RV DZEHE T
WT
REGAIZE D T v NI AR R
(DRG) O ELH#E /N S UWHIRARIS Ca3. 2 D3
BNZ RO T (K 4A), Lb BRI
AR EMIEIE T v RO DRG IZBT 5
Ca,3.2 BHE% Western blot T L7=& 2
A O NRRBGFENRD bz (X148,
C), —J7. REMHERICIIT D CSE DE AR
B (¥4D, E) BLU'mRNA & (X 4F) (21X
Bz oniehrolz, ZhbooZ Lk,
AR a—a /X F—FT /L TlE, MEMHRICE
WTCH,S DRERSYFTdh 5 Ca,3. 2 DIFBIGHE
DEZ->TEBY., 2R EBEICES 45
AIREMEDSRIB S T,

(5) L5 JEAREYIMNIC X 0 35l &2 phi s
PEEIRIC RIET Ca3.2 /) v 7 X v s
BT L5 BRI B e s o b S M
DIFRE~D Ca 3.2 DG ZH LN T 5T
W, RNA THEICK Y Ca3.2D )/ w7 B
EBREIToT-, TOE, EWT v bOFTHE
N~ Ca,3. 2 21 & 3% siRNA & IE B G- L
THHBIIR SN - 7208, Lb BRI
535 L. DRGIZHIT S Ca,3. 2 BN
PSE D 2Tl S A, F SR RS B S
iz (¥5),

(6) #Ewm
FFEOMFFEARRIT K 0 | CSE HSRINIRIME: H,S
T — TR O RIHIHIZHEBLT D Ca,3. 2
L URREBEFEST L L. F2, m
B EMEE R ORI R RSB D
Ca,3. 2 OFRBIFHE N BE 532 AIREME A3 /R X
iz, ABFFERE I, CSE/H,S/Ca 3. 2 RHM
R B TR OB T2 I IR IEAR R 72 0 9 B
TEERBTLIEELRMATHDL EEbR
Do

anti-Ca,3.2 1gG
A —

B [L4 DRG] [L5 DRG]
(zggvﬁgaﬂ _— “—l — -_| [+
(4(7:Ega) e T e I

Sham L5SNC ~ Sham L5SNC ~ Sham L5SNC
C g D005 . P<00S S P<005
z 6
212 1.2 5
5 4
Q0.8 0.8
I3 3
o
< 0.4 ﬁ 0.4 2
8 1
0 0 0
Sham L5SNC ShamL5SNC  Sham L5SNC
D E Ipsilateral paw
e 0.8 108
(47 kDa) (] Z0.61 Soel /4
sl 3,0 3 3
a — .44 0.4
( ) Sham Lssne 9041 4 8
n 4 (1]
8021 go2
I =
['4

0 0
Sham L5SNC Sham L5SNC

F [ EEOE -
X X [ cocon

#H2 # #2 # H2 # #2 # #2 #1 #2
Sham_ L5SNC

L4 5 L6
X4 L5 EmEUSEMREEHERES Y MBS
€a,3.2 5L U CSERBTEDEILIZDOINT

Sham L5SNC  Sham L5SNC

A B
Ca,3.2 Ca32
(230 kDa) (S5 [ | (]
GAPDH
(37 kDa)
dsRNA siRNA dsRNA siRNA
Sham L5SNC

P<0.05 P<0.05
—r—

(2]

o
0

GAPDH
(37 kDa)
dsRNA siRNA

Ca 3.2/IGAPDH
o

o

D Ipsilateral paw
Tnjection of SIRNA or dsRNA

B
100. -". 6
80 @

K —o %

404 T T T T
Before o 1 2 3
ope Day after the first injection

5 L5 EMEYIMEEMERELEBICNT 5 Ca3. 2
VI B DRE

)

120
)
-

0O dsRNA
0 ® siRNA ]S"a"‘
& dsRNA
2 2 Jussne

@
2
Threshold (% Baseline)
@
3

Threshold (% Basel
N
oF S

0 2 3
Day after the first injection

88
a2

5. EARFEEHRE
(WFFee . sy K OSEHERT9E 5
=)

UEsEamsa G 3

@O Takahashi, T., Aoki, T., Okubo, K.,
Maeda, Y., Sekiguchi, F., Mitani, K.,
Nishikawa, H., Kawabata, A.,
Upregulation of Ca,3.2 T-type calcium




channels targeted by endogenous hydrogen
sulfide contributes to maintenance of
neuropathic pain, Pain, &#ef. Vol. 150,
183-191 (2010)

@ Maeda, Y., Aoki, Y., Sekiguchi, F.,
Matsunami, M., Takahashi, T., Nishikawa,
H., Kawabata, A., Hyperalgesia induced
by spinal and peripheral hydrogen
sulfide: Evidence for involvement of
Ca,3.2 T-type calcium channels, Pain, 4
FeA. Vol. 142, 127-132 (2009)

@ JImER, KK AT 42— —LLTD
bk 38 OFpRRERE I 21, AR, 12 %,
239-245 (2009)

(Fa%E) Gr 1110)

O KRABRFB, BF Fk, REEL )W
B, BLKFEIC K D~ 7 2 OHERERE R
HERICBITA THRIINLY Y A F v 2 VB L
OV TRPAL F % RV D B/ H8%H]. 5 84 [A1H

ARIRPLE RS 2011 4E 3 H 22-24 H, #%

.

@ KRAMRFB, BF  Fk, REEDL )W
B, mbAKBICLIVFEINDE~TAD
HmrmmEiRE e 7Tes =7 T Bhn
VU LT ¥ FIVB L TRPAL T RV D
72 HAE. B 117 [B] H ARFEPR P iy
201047 H 8 H, 5.

@ HFAEME, P)IE, BOEEF. I
Bl 4270 v AP ICLVFEREESND
TR~ T RIH L7 WF v LD
. 5583 [H  HAARIKHESES 2010 453
A 16-18 H, K[k.

@ Okubo, K., Matsunami, M., Takahashi, T.,
Kawabata, A. Roles of hydrogen sulfide
and T-type calcium channels in
chemotherapy—evoked neuropathic
hyperalgesia in rats. 13" Congress of the
European Federation of Neurological
Societies (EFNS 2009), 2009 49 H 12-15
H, Florence, Italy.

® Aoki, Y., Maeda, Y., Matsunami, M.,
Kawabata, A. Peripheral hydrogen sulfide

induces hypersensitivity to
C—fiber-preferential sine—-wave
stimulation and concomitant

potentiation of ERK phosphorylation in
the spinal dorsal horn neurons. 13'
Congress of the European Federation of
Neurological Societies (EFNS 2009), 2009
#9 H 12-15 H, Florence, Italy

(6 Kawabata, A. Roles of hydrogen sulfide
in processing of inflammatory pain. In a
symposium, “Hydrogen  sulfide in
inflammation” , The First International
Conference of Hydrogen Sulfide in
Biology and Medicine, 2009 4 6 H 26-28

H, Shanghai, China.

(@ Kawabata, A. Hydrogen sulfide and pain.
In a symposium, “Gases as
Neuromodulators in Sensing : From Nitric
Oxide to Hydrogen sulfide” ,
Experimental Biology 2009, 2009 & 4 H
18-22 H, New Orleans, USA.

AL, ATHEGE, L, )IHmE
ORI DR LR FE T CRRHEZ T 5
KR E BB A=— 2 —r BT 5
ERK V v b & REE5. H82E HA
SRR 2009 A 3 A 16-18 H, k.

© mEmf. =R, TReS. BOE
EA. JIMEESE. NIRRT OER S
T Ca3.2 THRIA N T KNTF ¥ VTR
PSR ORFHZ B W CERE R &E 2R
5082 Bl HASEBEESES | 2009 4E 3 H
16-18 H, Fhik.

HAREE, RTHEAESE, REE. JImE
B ORMMET ORERRICEVFR SN
2 FNTARRE C BAMERSZ MR « B RV
RN R D RIS E L A fRRE L LTz
Rt 55 114 [9] B AR 22 2 | 2008
F11 H 14 H, #=7.

@ Takahashi, T., Maeda, Y., Kawabata, A.
Neuropathic pain involves sensitization
of Ca,3.2 T-type calcium channels by
endogenous hydrogen sulfide in sensory
nerves. 6% FENS Forum of European
Neuroscience, 200847 H 12-16 H, Geneva,
Switzerland.

(£ D)
R—BR—
http://www. phar. kindai. ac. jp/byoutai/

6. WFFEAREE

(1) WFgefzess
JIKHEE e (KAWABATA ATSUFUMI)
IR - P - Bz
e« 20177728

(2) W ge sy
HH % (YOSHIDA SHIGERU)
UTEER A « PR SR - 2%
WFgeE 5 1 60145224
BO&E%+  (SEKIGUCHI FUMIKO)
ITHRT - FEFE - HEHER
WeEF - 90271410

(3) EHEMFIE
2L


http://www.phar.kindai.ac.jp/byoutai/

